There are many therapies available for the management of low-grade lymphoma. With follicular lymphoma, for example, combination of chemotherapy and rituximab (immuno-chemotherapy) and consecutive maintenance therapy for 2 years is the current standard of care. To date, the most widely used regimen seems to be rituximab combined with cyclo phosphamide, doxorubicin, vincristine, and prednisone (R-CHOP). Substitution of liposomal doxorubicin in place of conventional doxorubicin may improve outcomes in this indication, although evidence for its use in low-grade lymphoma is not as relevant as in aggressive lymphoma. Bendamustine, in combination with rituximab, has shown very good efficacy and tolerability in several lymphoma types, particularly follicular lymphoma and other low-grade lymphomas. Other combinations, such as those including bortezomib and lenalidomide, are under investigation in low-grade lymphoma, and the duration of rituximab maintenance therapy following bendamustine−rituximab-containing induction is being researched by the German Study Group for Indolent Lymphoma (StiL).
Treatment of low-grade lymphoma
Low-grade lymphomas are chronic diseases, and some patients may live for many years following initial diagnosis. 1 Therefore, for many patients it is currently regarded as appropriate not to treat immediately at diagnosis, but rather to watch and wait. Once patients do require treatment, there are many therapies available: chemotherapeutic agents known to be effective in low-grade lymphoma include alkylating agents, anthracycline-based regimens, purine analogs, and bendamustine. In addition, there is the established monoclonal antibody therapy rituximab, and newer antibodies such as ofatumumab. Patients may also undergo stem-cell transplantation -either autologous or allogeneic -with or without myeloablation preceding allogeneic transplantation. Finally, there is currently a small amount of experience available on the use of techniques such as DNA vaccination or antisense therapy.
Questions about the long-term outcome of following an initial watchful waiting approach have been raised by a recent study, which compared this approach with immediate treatment with rituximab in patients with stage II, III or IV asymptomatic follicular lymphoma (FL). 2 The estimated median time to initiation of new therapy among patients in the watchful waiting group was 33 months, whereas among those receiving rituximab the median time was not reached at 4 years (P<0.001). There were also significant differences in progression-free survival between the observation and rituximab arms (P<0.001), although no difference in overall survival. These data indicate that initial treatment with rituximab significantly delays the need for new therapy. This may, in the future, change the management approach to patients with newly-diagnosed FL.
It is unclear whether some patients with lowgrade lymphoma can be treated with curative intent, particularly as patients at stages I and II, and some at stage III (for example, those with up to five lymph nodes involved), can live for a long time after diagnosis. Usually treatment is undertaken to manage disease-associated symptoms, such as B symptoms, hematopoietic insufficiency (e.g. anemia, leukopenia, and/or thrombocytopenia), rapid tumor progression, or bulky disease. Some patients develop phenomena such as autoimmune hemolytic anemia or idiopathic thrombocytopenic purpura as a consequence of their disease, and others may have recurrent infections as a result of hypogammaglobulinemia, all of which require treatment.
Standard therapy for low-grade lymphoma
At this time, combined immuno-chemotherapy with rituximab followed by rituximab maintenance therapy for 2 years is the standard of care for patients with FL (note that the most appropriate maintenance therapy for all other low-grade lymphomas is currently under investigation). What is less clear is the best chemotherapy to combine with rituximab. Chemotherapy combinations comprising cyclophosphamide, doxorubicin, vincristine, and prednisone [CHOP; or cyclophosphamide, vincristine, and prednisone (CVP)] are well accepted by clinicians. In addition, chlorambucil-based chemo therapies such as mitoxantrone, chlorambucil, and prednisone (MCP), and some fludarabine-based therapies [e.g. fludarabine, cyclophosphamide, and mitoxantrone (FCM)] are commonly used, and bendamustine therapy has been investigated with promising results in these patients. Maintenance therapy with rituximab is also the standard of care in patients with low-grade lymphoma. This has been known for some time to be the optimal approach for patients with relapsed disease, and the recent results of the PRIMA study indicate that this is also the most effective treatment strategy for patients with FL after firstline treatment with rituximab plus chemotherapy. 3 
Liposomal doxorubicin in low-grade lymphoma
There are currently few data on the use of nonpegylated liposomal doxorubicin (NPLD) specifically in low-grade lymphoma. Some of the publications available are case series, studies involving only small numbers of patients, or studies of patient populations with aggressive as well as low-grade lymphomas. One retrospective study of 37 patients with lymphomas who were either elderly or had cardiac comorbidities included three with FL, two with chronic lymphocytic leukemia, and one with multiple myeloma. 4 These patients received NPLD in combination chemotherapy, and experienced a high rate of remission for this poor-risk population [complete remission rates were 75% for diffuse large B-cell lymphoma and 55% for T/NK-cell neoplasm; overall response rates (ORR) of 80% and 89%, respectively], with no major cardiac toxicities. Rates of hematologic toxicity were comparable to those for regimens containing conventional anthracyclines. 4 Similarly, in a prospective study of 35 elderly and frail patients, five patients with FL received R-COMP (R-CHOP with NPLD substituted for conventional doxorubicin) as a first-line therapy: R-COMP was effective and well tolerated, and no cardiac events have been observed. 5 Again, the hematotoxicity of this combination was the same as that seen with the R-CHOP regimen.
A small study has also been conducted using a combination of the new proteasome inhibitor bortezomib with NPLD, fludarabine, and rituximab in 16 patients with refractory/relapsed mantle-cell lymphoma (MCL). 6 There was a good ORR of 74% and 9 of 15 patients experienced a complete response (CR) or unconfirmed CR. Rates of neutropenia (37.5%) and thrombocytopenia (31.2%) were high, as expected; the rate of cardiotoxicity was 12.5% (although no information is provided on how this was defined). The authors therefore concluded that this combination therapy was effective and well tolerated. 
Bendamustine in low-grade lymphoma
The German Study Group for Indolent Lymphoma (StiL) conducted a prospective, randomized Phase III trial (NHL to compare the efficacy of bendamustine plus rituximab (BR) with the widely accepted R-CHOP regimen in patients with low-grade lymphomas. The results were presented at the 2009 American Society of Hematology meeting as an oral presentation. 7 Bendamustine (90 mg/m 2 ) was administered on days 1 and 2, with rituximab on day 1, every 4 weeks for a maximum of six cycles. R-CHOP was given every 3 weeks, for a maximum of six cycles. In total, 513 patients were evaluable for efficacy and toxicity, most of whom (54%) had FL, with the remainder having MCL (18%), marginal zone lymphoma (MZL; 13%), Waldenström macroglobulinemia (WM; 8%), and small lymphocytic leukemia (SLL; 4%). Most patients had stage IV disease (77%) with bone marrow infiltration.
There was a clear difference between BR and R-CHOP in the incidence of grade III and IV hematotoxicities. There were significantly fewer cycles of BR, compared with R-CHOP, in which patients experienced grade III or IV leucocytopenia (12.1% versus 38.2%, respectively), neutropenia (10.7% versus 46.5%), or required granulocyte colonystimulating factor (4.0 versus 20.0; P<0.0001 in all cases). BR was associated only with grade 1 alopecia and there was a low incidence of paraesthesias and stomatitis compared with R-CHOP. On the other hand, BR was associated with more skin reactions (erythema) than R-CHOP. Almost all patients in the BR treatment arm received the full dose of chemotherapy (96.1% of cycles), whereas a smaller proportion of cycles of R-CHOP were completed at the full dose of chemotherapy (88.8%).
The ORR was good in both groups: 93.8% for BR and 93.5% for R-CHOP. 7 The CR rate was significantly higher with BR versus R-CHOP (40.1% versus 30.8%; P=0.0323). Progression-free survival (PFS) was significantly longer with BR (median PFS 54.8 months) compared with R-CHOP (median 34.8 months) at a median observation period of 32 months [hazard ratio (HR) 0.5765; 95% confidence interval (CI) 0.4292-0.7783; P=0.0002]. Similarly, event-free survival was 54 months for BR and 31 months for R-CHOP (HR 0.6014; 95% CI 0.4515-0.7845; P=0.0002). Another key measure was the time to next treatment, which had not been reached in the BR arm versus a median of 40.7 months with R-CHOP (HR 0.5416; 95% CI 0.3897-0.7491; P=0.0002). In summary, this study demonstrated that BR significantly improved PFS and CR rates, compared with R-CHOP, in patients with FL, MCL, and WM. BR was also associated with a better tolerability profile than R-CHOP.
Research into new treatments and strategies for low-grade lymphoma
The StiL study is now underway to investigate the effect of duration of maintenance therapy with rituximab in FL, and the effect of rituximab maintenance therapy in other low-grade lymphoma entities. In the NHL 7-2008 (MAIN-TAIN) study (NCT00877214), patients with FL will be randomized to either 2 or 4 years of rituximab maintenance therapy, every 2 months, following BR induction therapy. The main efficacy outcome will be PFS. In addition, infectious complications can be studied prospectively in this patient population, which is important because it has been reported that rituximab treatment is associated with neutropenia and increases infectious complications. 8 Another part of the MAINTAIN study is designed to investigate the efficacy of maintenance therapy in other forms of low-grade lymphoma. Patients with WM, MZL, or MCL will be randomized to either 2 years of maintenance therapy with rituximab every 2 months, or 2 years of watch and wait, both following BR induction. Again, efficacy will be measured using PFS.
Studies with other agents are also ongoing. As discussed above, combination therapy with bortezomib, NPLD, fludarabine, and rituximab was shown in a small study to be effective in relapsed MCL. 6 The StiL NHL 8-2010 study plans to further investigate the efficacy of combination therapy with bortezomib in patients with relapsed low-grade lymphomas. Lenalidomide is another promising therapy in low-grade lymphomas, which has demonstrated good results in patients with several lymphoma types, in hard-to-treat relapsed or refractory disease. 9, 10 Conclusions Low-grade lymphomas will become chronic diseases, and many patients will require treatment over long periods of time, with many treatment cycles. R-CHOP is commonly used to treat low-grade lymphoma, though chlorambucil-and fludarabine-based regimens are also used. The efficacy and toxicity of R-CHOP may be improved by substitution of NPLD into this combination, although data on the use of liposomal doxorubicin are currently more focused on aggressive lymphomas. BR therapy has produced promising results in several types of lowgrade lymphoma, both in terms of efficacy and safety outcomes, and is recommended in the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology (V 1.2011) as first-line therapy for indolent lymphoma. 11 The use of rituximab maintenance treatment after BR induction is currently under investigation in different lymphoma types. In addition, the efficacy of a combination treatment of bortezomib and BR will be studied. The use of lenalidomide also warrants further investigation in low-grade lymphoma.
